A re-examination of the Mercosur-EU negotiations
Introduction
A decade has passed and a successful outcome to the Doha Development Round remains as uncertain as ever, leading some trade partners to seek out 'second best' bilateral preferential trade agreements (PTAs). The, European Union (EU), for example, has forged recent PTAs with South Korea, Columbia and Peru, whilst negotiations with Mercosur, which began in 1999, have floundered. In part, this was out of respect for the ongoing multilateral talks, but it also reflected a frustration related to the perceived intransigence of both sides to broker a deal. As a result, discussions were formally suspended in 2004, although a détente in relations would later bridge the way for a re-launch of the negotiations at the EU-Latin America and Caribbean Madrid summit in May 2010.
A review of the literature reveals various examples of computable general equilibrium (CGE) assessments of the EU-Mercosur negotiations (e.g., Diao et al., 2003; Philippidis and Sanjuán, 2007; Burrell, 2011) . Indeed, with significant improvements in computational facility and access to the well known Global Trade Analysis Project (GTAP) database, deterministic neoclassical multi-region CGE models have become an accepted workhorse for assessing ex-ante trade led gains. The general consensus of this literature is that both the EU and Mercosur would witness real GDP gains (trade creation exceeds trade diversion), although the magnitude of these trade benefits is very much a function of the behavioural modifications within each study (i.e., economies of scale; trade led technology spillovers; non-tariff barrier estimates; capital accumulation etc.).
A common characteristic of multi-region CGE models is the treatment of import demands employing the Armington (1969) assumption. As a departure from the neoclassical paradigm, this structural feature permits the empirical observation of intra-industry trade (i.e., 'shifting' the preference parameter in the Armington demand functions. Importantly, the gravity specification is theoretically consistent with a CES import demand structure (Anderson and van Wincoop, 2003, 2004) , whilst its ability to decompose trade restrictiveness into economic (i.e., tariffs, export subsidies) and non-economic (i.e., remoteness, cultural barriers etc.) considerations, permits the modeller to discriminate between trade flows that remain small after liberalisation and those where competitive trade led growth may potentially arise. Surprisingly, whilst gravity models have enjoyed a renaissance in the literature, to the best of our knowledge, there are very few gravity studies (De Frahan and Vancauteren, 2006; Kuiper and van Tongeren, 2006; Raimondi and Olper, 2011 ) which attempt to estimate the trade restrictiveness of tariff barriers for a wide selection of agro-food sectors, whilst no known published studies extend this practise to disaggregated non agro-food sectors. Consequently, given the pervasiveness of the Armington assumption in global CGE assessments, the estimation and provision of publically available robust econometric estimates to correct this structural bias, constitutes a primary aim of this research.
Accordingly, this study builds on the seminal work of Kuiper and van Tongeren (2006) in three ways. Firstly, Kuiper and Van Tongeren (2006) and subsequently Komorovska et al. (2007) restrict their analysis to cross section data (release 6 of the GTAP database), while this study applies panel data to better control for country heterogeneity. Secondly, a typical feature of large trade data sets is the existence of zero values. In common with (inter alia) Komorovska et al. (2007) , this study employs the Poisson estimator, but also explores more flexible variants of count models (Burger et al. 2009 ). Thirdly, in addition to the 20 agro-food sectors examined in the aforementioned CGE studies, the current paper considers all 56 tradable commodities in the GTAP database. To the best of our knowledge, this is the only panel gravity study which reconciles the methodological improvements of using zero-inflated models with a disaggregated sector analysis. A comparison with previous work reveals that the statistical significance of our sectoral gravity equations and the theoretical consistency of (inter alia), tariff and subsidy parameter estimates with a priori expectations is greatly improved.
In the second part of this study, estimated trade preference shifters are implemented into an agricultural variant of the GTAP CGE model to examine the revised pattern of trade gains from an EU-Mercosur PTA. Aside from its pertinence to global trade policy, EU-Mercosur trade relations also embody various ´small share' examples due to the EU's prohibitively high agro-food tariff regime. A comparison with a non-gravity baseline reveals important additional trade led gains in the Mercosur regions, with further increases in real economic growth of between 0.9% (Brazil) to 3.8% (Uruguay).
The rest of this paper is structured as follows: Section two analyses the gravity specification and the use of count models. Section three presents the results of the gravity specification for each of the sectors. Section four describes the CGE model, the policy scenarios, the gravity implementation and the CGE model results. Section five concludes.
The gravity specification

Model developments
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In its simplest form, the gravity model posits that trade between two countries is a positive function of GDP (i.e., economic 'mass') and a negative function of trade costs (i.e., distance). Empirical applications have extended this specification to encompass (inter alia) preferential trade (Kandogan, 2008; Martinez-Zarzoso et al., 2009; Foster et al., 2011; Hayakawa and Yamashita, 2011), contiguity (Bergstrand, 1985; Thoumi, 1989) , common language and/or ex-colonial ties (e.g. Rose and van Wincoop, 2001) , or even to cater for the effect of distance along different hemispheres as well as remoteness (Melitz, 2007) . From an econometric standpoint, earlier studies favoured the use of an Ordinary Least Squares (OLS) log-linear specification. Subsequent literature (Santos Silva and Tenreyro, 2006; 2011) demonstrates that this estimator does not adequately cater for zero value observations, whilst the expected value of the log-linearized error will in general depend on the covariates and therefore lead to problems of heteroskedasticity. This leads Santos Silva and Tenreyro (2006; 2011) to recommend the Poisson estimator, which belongs to the category of count models.
This study further explores the potential of alternative count model specification, following closely the work by Burger et al. (2009) .
Methodology: Count models
Trade observations are not pure count-, but rather non-negative continuous data.
Notwtihstanding, the Poisson Maximum Likelihood estimator still provides consistent estimates (Woolridge, 2002; Burger et al., 2009) 
where μ ij is the rate parameter, which is a (exponential) function of the explanatory variables; the conditional mean of bilateral trade X ij is E[X ij ] = μ ij and the variance Var[X ij ] = μ ij . If the conditional variance exceeds the conditional mean, then there is over-dispersion, revealing the presence of unobserved heterogeneity caused by omitted variables (Burger et al., 2009 The final form of our gravity specification is presented in equation (2), where the subindex i and j refer to the exporter and importer, respectively, whilst t, refers to the year: 
The gravity equation includes fixed effects for both time (Y2004) and country (exporter and importer) (F i and F j ) 8 . The country fixed effects proxy the unobserved theoretical multilateral resistence terms posed by Anderson and van Wincoop (2003, 2004) 9 , while both, country and year fixed effects control for correlation between omitted and observed variables (Greene, 2002) . The distance variable (Dist) is complemented by contiguity (Cont), location by hemisphere (NoSo) and remoteness (Remote) variables. The NoSo may mitigate the negative impact of distance when trade between hemispheres is due to different factor 7 Employing only a single year of data, the observation that 'large' agro-food net importers (i.e., the EU, USA) also impose high tariff barriers explains the perverse positive tariff coefficients found in previous empirical applications. 8 In the final estimated model, however, some of the exporter fixed effects had to be dropped to avoid collinearity problems, in particular with export specific variables such as remoteness. 9 Anderson and van Wincoop (2003 Wincoop ( , 2004 stress the importance of controlling for multilateral resistance terms arguing that trade between two regions depends on the bilateral barrier between them relative to the average trade barriers that both regions face with all their trading partners.
endowments and patterns of product specialization (Melitz, 2007) , while Remote may also mitigate the distance effect due to the lack of large countries in the proximity with which to trade (Frankel, 1997) . In terms of historical and cultural linkages, we include both common language (Lang) and colonial ties (Col) dummies, which are expected to have a non-negative effect. Additionally, membership of a PTA (PTA), the squared difference (SqIncome) (Linder hypothesis) and the product of GDPs (Gdp) in per capita GDPs are incorporated. 10 A positive PTA effect is expected, while a negative SqIncome impact would confirm the Linder hypothesis. Finally, bilateral import tariffs (Mt) and export subsidies (Xs) are inserted into the gravity regression. A full description of the explanatory variables is presented in Table 2 .
The estimated coefficients represent the percentage change in the conditional mean of trade resulting from a unit variation in the explanatory variable (Cameron and Trivedi, 1998) .
If the explanatory variable is expressed in logs, the coefficient can be interpreted directly as an elasticity; whilst in the case of a dummy variable, the exponential minus one multiplied by 100 provides the percentage change in trade when the dummy changes from 0 to 1. Robust standard errors have been estimated using the White sandwich estimator of variance, and the econometric software STATA 8.0 has been applied in the estimation of all count models.
Gravity model results
Results of the estimation are presented in Table 3 . In choosing between the four alternative models ( statistic is used to test for the significance of the dispersion parameter (α). A significant 10 The Gdp coefficient is restricted to a value of 1 according to the theoretical model derived by Anderson and van Wincoop (2003) . From an estimation perspective, the use of the bilateral product of GDP and the difference in per capita income reduces collinearity problems that may emerge between individual GDP (or per capita GDP) with country fixed effects. Focusing on tariff barriers (Mt), we observe that in almost all the regressions, ad valorem tariffs have the expected negative sign (Table 3) . Comparing between the agro-food sectors where applied ad valorem tariff peaks are typically highest, plant fibres, livestock activities and dairy record the largest tariff coefficient estimates (i.e., the perceived sensitivity between tariff reductions and trade changes). For example, in the latter, trade rises by 1.931%
in response to a 1% reduction in tariffs. In the non-food sectors, the sensitivity of trade to tariff rate changes is highest in the textiles and leather sectors; coal mining; refined petroleum and coal; and non ferrous metals. One sector ('ely') exhibits an unexpected positive but nonsignificant sign, whilst five more sectors show insignificant ad valorem tariffs coefficients ('osd', 'c_b', 'oil', 'gas', 'gdt'). 11 In the data, raw sugar (c_b) is largely non-tradable, whilst the tariff coefficient on downstream tradable sugar (sgr) is significant. In the oilseeds sector, there is tariff escalation where protection of oilseeds imports by 'large' developed countries is typically low, whilst tariffs on oilseed products (i.e., 'vol', whose coefficient is found to be highly significant) are high.
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Turning to the export refund coefficients, a positive and significant coefficient (Xs) is found in five of the 14 agro-food markets which employ export refunds (Table 3) .
Unexpectedly, a negative but non-significant effect is found in the cattle meat (cmt), and beverages and tobacco (b_t) sectors. We suggest that the degree of insignificance of export subsidies (vis-à-vis import tariffs) is a consequence of the fact that export refunds are a response to market conditions and therefore are not systematically employed year on year. In non-agro-food sectors, a positive and significant impact of export subsidies is found in 13 out of 20 sectors for which export subsidies are applied, while a priori an unexpected nonsignificant and negative impact is found only in one sector: transport equipment ('otn').
As expected, distance has a negative and significant impact on trade in almost every sector.
The median parameter estimate is -0.762, which implies that in 50% of the sectors, trade increases by more than 0.762% when distance drops by 1%. Notwithstanding, when measuring distance North-South hemispheres a positive (although generally small) and significant effect is found in 18 sectors, whilst contrary to expectations, eight other sectors yield statistically significant negative effects, intensifying the already negative distance effect.
In many sectors (27 in total) remoteness plays a significant positive role in explaining bilateral trade, with an associated median impact of 1.308. Nevertheless, a significant negative impact is also found in eight other sectors. Contiguity is also found to favour trade.
In half of the sectors, the fact of sharing a border increases bilateral trade by 57.62%.
Turning to our historical explanatory factors, language is statistically significant in only 21 sectors, whilst colonial links are found to encourage greater bilateral trade in 39 sectors. In both cases, however, the median impact on trade is small (zero per cent in language, since positive and negative coefficients cancel each other out; 25.73 per cent for colonial ties).
Membership of a preferential trade agreement (PTA) increases bilateral trade in most sectors (36), with particularly notable impacts in the three cereals sectors. On the other hand, in seven sectors, a statistically significant negative effect is recorded. Overall, the results indicate that the median impact on trade is 34.46%. Finally, Table 3 shows a significant Linder effect (SqIncome) in 12 sectors, four of which are in the agro-food industries.
CGE model and experiments
CGE model description and gravity implementation
The 'standard' comparative static GTAP model (Hertel, 1997) is demand driven, employing neo-classical optimisation to derive Hicksian consumer and intermediate demands.
Regional utility is aggregated over non-homothetic private demands, public demands and savings (investment demand). Producers are perfectly competitive and exhibit constant returns to scale technology, with access to five factors of production. Both (skilled and unskilled) labour types and capital are fully mobile between sectors, whilst land (agriculture specific) and natural resources exhibit restricted mobility. Regional savings are collected by a fictitious 'global bank', which then assigns regional investments subject to a rate of return or a 'fixed share rule. Once an endogenous/exogenous variable split is determined ('closure'), exogenous policy shocks catalyse an interaction between economic agents, subject to a series 
14 Consider two MSHRS values of 0.99 (r=1) and 0.01 (r=2) in region 's'. Since pc i,s ≈ p i,1,s , then under tariff liberalisation, p i,2,s would have to fall considerably more than p i,1,s to provoke any significant bilateral import demand response (i.e., the relative tariff along r=1 should be much higher than other import routes, whilst the σ parameter must also be highly responsive). Notwithstanding, even then, the percentage change in bilateral import value (-%ΔP x +%ΔM) may not increase significantly from such a small base.
Employing a first order linear price linkage assumption, the percentage change in the (post tariff) bilateral import price in destination 's' reflects the percentage change in its applied tariff and (if present) the export subsidy in origin 'r'. 15 For example, a greater applied tariff reduction for a specific bilateral route is expected (a priori) to raise the corresponding gravity predicted import share, accompanied by a notable percentage drop in the bilateral import price. Accordingly, the prescribed (positive) shock to the technological shifter would be of a larger magnitude.
Data aggregation, scenario design and closure
Employing version 7.1 of the GTAP data (2004 benchmark), our study includes all 20 GTAP agro-food sectors; textiles, light-and heavy-manufacturing, services and natural resources. For modelling purposes, the EU is split into four regions, although results are only presented for the bloc of 27. In addition, each of the four Mercosur members (Argentina, Brazil, Paraguay, Uruguay) are disaggregated; whilst residual trade flows are captured by the rest of the world (ROW) region.
In our long run 'baseline', tariff shocks extend the single market to 27 EU members, whilst all tariffs between the EU and Mercosur are removed. Moreover, the importance of agro-food markets in our analysis warrants an explicit characterisation of the CAP reforms (i.e., intervention price reductions, abolition of set-aside, abolition of dairy and sugar quotas, single farm payment, CAP budget, modulation increases). Given the degree of uncertainty surrounding the Doha talks, whilst also with a view to isolating the policy shocks of interest, multilateral liberalisation shocks were not considered. A further 'gravity' scenario mimics the trade policy shocks of the baseline, with the addition of exogenous shocks to the technological shift parameters. 16 The model closure follows traditional neoclassical assumptions of flexible wages and long-run (exogenous) natural rates of employment. The capital market is characterised by a long run 'steady-state' Baldwin closure (Francois, 1996) , 17 whilst regional land supply is subject to an econometrically estimated supply function. Unless otherwise stated, the results report the additional impacts of gravity compared with the baseline.
CGE Results
The GTAP version 7 data reveal that the EU imports €36,452 million from Mercosur Owing to significant agro-food market access gains, real growth rises in Brazil (1.2%), Argentina (2.9%), Paraguay (3.7%) and Uruguay (3.2%), whilst the EU real growth estimate is muted (0.01%).
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Comparing with this baseline, EU agrofood (non agro-food) imports from Mercosur rise (fall) a further 29.5 per cent (7.3 per cent), resulting in an overall fall of 16.4 per cent (results 16 Additional ancillary programs are written to calculate predicted trade flows under gravity for the regional/commodity aggregation of choice. 17 Steady state implies that the rate of capital growth is just sufficient to replace depreciated capital. 18 We do not show these results since other studies in the literature find a similar result (a useful review is given in section 2 of Burrell, 2011) . The focus here is to examine the potential bias from additional gravity induced trade effects. not shown). This leads to important EU import trade share changes, which are presented as percentages in Table 4 for the most affected sectors. The benchmark EU trade data for processed sugar show that Brazil and Paraguay have characteristically small shares (2.6% and 0.1%, respectively) on account of the EU's prohibitive tariff. In the baseline, these figures rise to 47.0% and 4.1%, respectively, whilst with gravity included, there is a further rise to 66.1%
and 5.7%, respectively. 19 Comparing between the baseline and gravity scenarios, the intra-EU trade share falls 13.1 percentage points.
A similar effect is observed for processed rice, where EU imports from Uruguay account for only 0.4% in the benchmark. From this small base, the gravity scenario produces a further rise of 2.2 percentage points compared with the baseline, with much of this newly acquired market share diverted from the rest of the world (ROW). In dairy trade, this effect is even more striking. Benchmark EU import shares from Argentina, Brazil and Uruguay, account for 0.04%, 0.02% and 0.01%, respectively, whilst compared with the baseline the gravity scenario induces, a 21.6, 4.8 and 2.8 percentage point increases in the import shares for Argentina , Brazil and Uruguay, respectively). Accordingly, the intra-EU trade share falls a further 27.1 percentage points.
In red and white meat markets, the benchmark data shows that Brazil already registers a small but steady presence, accounting for 7.2% and 4.6%, respectively, of EU imports. In the baseline, Brazil amasses a majority stake of EU red meat imports (74.3%), whilst its white meat trade share grows to a respectable 14.1%. Brazilian red meat trade shares increase a further 8.3 percentage points for red meat and 2.5 percentage points for white meat in the gravity scenario. Consequently, there are concomitant reductions in Argentinean, Uruguayan and intra-EU red meat trade shares (-1.2, -1.0 and -6.4 percentage points, respectively), whilst 19 The EU operates a prohibitive TRQ system of preferences for imports of sugar. As a large producer, Brazil is not afforded preferential treatment under the ACP scheme, although its trade share is steadily rising in the absence of the EU-Mercosur agreement owing to trade preference erosion due to the reduction of the EU's guaranteed prices under the auspices of the sugar reforms.
the intra-EU white meat share falls a further two percentage points. In Paraguay, although the percentage point increase (0.64) in red meat trade share is not as visible, in relative terms this represents a significant import trade share gain when we considered next to its benchmark value (0.04%).
In terms of Mercosur's import shares (Table 4 - Examining the welfare impacts (Table 5 - particularly in meat, sugar and dairy imports from Mercosur. 21 In Mercosur, trade facilitation gains (principally textile, light-and heavy-manufacturing imports) are smaller due to lower benchmark applied tariffs in the Mercosur regions.
Conclusions
This study employs a quantitative framework to re-assess the potential trade-led gains from an EU-Mercosur agreement. With the widespread usage of neoclassical multi-region computable general equilibrium (CGE) ex-ante trade liberalisation assessments, a key methodological focus examines the estimation and correction of well known trade creation bias on small import shares which arises from the Armington import specification. As a remedial measure, the study follows Kuiper and van Tongeren (2006) . More specifically a gravity specification is employed to estimate the trade restrictiveness of tariff parameters on a sector-by-sector basis. The novelty of the research relates to use of count models with panel data, whilst the sectoral coverage of the study is extended to include all 56 tradable agro-food and non agro-food sectors. It is hoped that other modellers may also be able to employ these estimates to their own aggregations in an attempt to eliminate this important source of bias As a caveat of this research, the size of the additional gravity induced gains are exaggerated due to the assumption of full liberalisation, although if/when the agreement draws to its conclusion it will be possible to calculate gravity shifters consistent with the final agreed tariff offers on sensitive product lines. Moreover, the CGE generated welfare gains in our baseline are understated, particularly for the EU, since we do not account for the removal of non-tariff barriers in services sectors nor imperfect competition. Notwithstanding, the incremental welfare gains on commodity trade owing to gravity induced technology shifters should be largely considered as an independent 'additive' component to the existing CGE model drivers. That is, the magnitude of marginal trade impacts owing to gravity predictions should remain relatively unaffected.
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